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2Witten [12] when he suggested that one can borrow a
phenomenological potential from the meson sector and
use it for baryonic matter. Therefore, one has to rely on
phenomenological models. In this work, we use dierent
equations of state (EOS) of SM proposed by Dey et al [1]
using the phenomenological Richardson potential. Other
variants are now being proposed, for example the chromo
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FIG. 1: Mass and radius of stable stars with the strange star
EOS (left curve) and neutron star EOS (right curve), which
are solutions of the Tolman-Oppenheimer-Volko (TOV)
equations of general relativity. Note that while the self sus-
tained strange star systems can have small masses and radii,
the neutron stars have larger radii for smaller masses since
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FIG. 2: Strange matter EOS employed by D98 show respec-
tive stable points. The solid line for is EOS1, the dotted line
for EOS2 and the dashed line for EOS3. All have the mini-
mum at energy per baryon less than that of Fe
56
Fig.(2) shows the energy per baryon for the EOS of [1].
One of them (eos1, SS1 of [6]) has a minimum at E/A
= 888.8 MeV compared to 930.4 of Fe
56
, i.e., as much
as 40 MeV below. The other two have this minimum at
911 MeV and 926 MeV , respectively, both less than the
normal density of nuclear matter. The pressure at this
point is zero and this marks the surface of the star in the
implementation of the well known TOV equation. These
curves clearly show that the system can uctuate about
this minimum, so that the zero pressure point can vary.
II. INCOMPRESSIBILITY : ITS IMPLICATION
FOR WITTEN'S COSMIC SEPARATION OF
PHASE SCENARIO.











where " = E=A is the energy per particle of the nuclear
matter and n is the number density. The relation of K





K has been calculated in many models. In particular,
Bhaduri et al [14] used the non - relativistic constituent
quark model, as well as the bag model, to calculate K
A
as a function of n for the nucleon and the delta. They
found that the nucleon has an incompressibility K
N
of
about 1200 MeV, about six times that of nuclear matter.
They also suggested that at high density K
A
matches
onto quark gas incompressibility.





There is a common misconception that dp=d is the
square of sound velocity - this is equal to B=(+p) except
at the stable point for the system, where the pressure p
is equal to zero when it is equal to B= = K=9" = v
2
.
Here  is the energy density.
The simple models of quark matter considered in [1]
use a Hamiltonian with an interquark potential with two
parts, a scalar component (the density dependent mass
term) and a vector potential originating from gluon ex-
changes. In the absence of an exact evaluation from
QCD, this vector part is borrowed from meson phe-
nomenology [15]. In common with the phenomenological
bag model, it has built in asymptotic freedom and quark
connement (linear). In order to restore the approximate
chiral symmetry of QCD at high densities, an ansatz is
used for the constituent masses, viz.,












is normal nuclear matter density and  is a
parameter. In gure (3), K with three values of M
Q
implying dierent running masses, M (n), is plotted as
a function of the density expressed by its ratio to n
0
.
Given for comparison, is the incompressibility K
q
of a
perturbative massless three avour quark gas consisting












EOS1 0.333 0.20 1.437 7.055 4.586
EOS2 0.333 0.25 1.410 6.95 4.595
EOS3 0.286 0.20 1.325 6.5187 5.048
n /nB 0
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FIG. 3: Incompressibility as a function of density ratio for
EOS's with dierent constituent mass as parameter. Dashed
lines correspond to perturbative massless three avour quark
gas with dierent values of 
s
(see [14, 16]).
of zero mass current quarks [14] using the energy expres-




The general behaviour of the curves is relatively insen-
sitive to the parameter  in M (n) as well as the gluon
mass, as reected in the EOS. It can be seen that as
M
Q
decreases, the nature of the relation approaches the
perturbative case of [14]. At high density our incom-
pressibility and that due to Baym [16] matches, showing
the onset of chiral symmetry restoration. In EOS1 for
uds matter, the minimum of " occurs at about 4:586 n
0
.
nucleation may occur at a density less than this value of
n. This corresponds to a radius of about 0:67 fm for a
baryon. For EOS1 we nd K to be 1:293 GeV per quark
at the surface.
It is encouraging to see that this roughly matches with
the compressibility K
N
so that no `phase expands ex-
plosively'. In the Cosmic Separation of Phase scenario,
Witten [12] had indicated at the outset that he had as-
sumed the process of phase transition to occur smoothly
without important departure from equilibrium. If the
two phases were compressed with signicantly dierent
rates, there would be inhomogenieties set up.
But near the star surface at n  4 to 5 n
0
the matter
is more incompressible showing a stier surface. This is
in keeping with the stability of strange stars observed
analytically with the Vaidya-Tikekar metric by Sharma,
Mukherjee, Dey and Dey [17].
The velocity of sound, v
s
peaks somewhere around the
middle of the star and then falls o. We show it for three
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FIG. 4: Velocity of sound, v
s
as a function of density ratio.
The solid line is for EOS1, the dotted for EOS2 and the dashed
for EOS3.
In a recent paper [18] Krein and Vizcarra (KV in short)
have put forward an EOS for nuclear matter which ex-
hibits a transition from hadronic to quark matter. KV
start from a microscopic quark-meson coupling Hamilto-
nian with a density dependent quark-quark interaction
and construct an eective quark-hadron Hamiltonian
which contains interactions that lead to quark deconne-
ment at suÆciently high densities. At low densities, their
model is equivalent to a nuclear matter with conned
quarks, i.e., a system of non-overlapping baryons inter-
acting through eective scalar and vector meson degrees
of freedom, while at very high densities it is ud quark
matter. The K
NM
at the saturation density is tted to
be 248 MeV . This EOS also gives a smooth phase tran-
sition of quark into nuclear matter and thus, conforms
to Witten's assumption. Interestingly enough, the tran-
sition takes place at about  5n
0
.
The KV model does not incorporate strange quarks so
that comparison with our EOS is not directly meaning-
ful. However it is quite possible that the signal results
of the KV calculations mean that quark degrees of free-
dom lower the energy already at the ud level and once
the possibility of strange quarks is considered the binding
exceeds that of Fe
56
. An extension of KV with strange
quarks is in progress
1
.
Results obtained from the KV calculation are pre-
sented simultaneously. The incompressibility shows soft-
ening and the velocity of sound decreases when quark
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FIG. 5: Incompressibility as a function of density ratio for
pure nuclear matter and quark-nucleon system.
Note that in our EOS we also have strange quarks re-







for both kinds of EOS. The EOS with quarks
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FIG. 6: The velocity of sound in pure nuclear matter and in
quark-nuclear system as a function of density ratio. For pure
nuclear matter at 9n
0
the sound velocity is too close to that
of light c, whereas for quark-nuclear system it is much less,
about 0.5 c.
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